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Specification 



1. Title of the Invention 

Liquid crystal display device 



O n an mo 



1. A liquid crystal display device comprising: 

(a) electrode lines disposed as an X-Y matrix. 

(b) a plurality cf first three terminal switching elements each having 
source, drain and gate, the source being connected to the electrode line 
X. and gate being connected to the electrode line Y. respectively, and 
(o) a liquid crystal display section having a liquid crystal layer disposed 
between a plurality of pixel electrodes corresponding to the respective 
first three terminal switching elements and opposing electrodes connected 

a matrix display 

operation based on the drain output of the three terminal switching elements . 

wherein 

(d, each of the Pixel electrodes is connected by way of a second three 
terminal switching element to a co^on line, and the drain of the first 
three terminal switching element is connected by way of a signal 
accumulation capacitor to a grounding line or an adjacent gate line and 
to the gate of a second three terminal switching element . and 
(e) an AC voltage at a phase Inverse to each other can be applied to the 
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opposing electrode and the corcmon line. 

2 . A liquid crystal display device as defined in clai, 1. wherein 

^--—-a-iix, ftmial with the impedance 
a dummy load having an impedance B uu-u«— -- — 

4. • ^« -i o i nserted between the second three 
of the liquid crystal display sectxon is inserted 

— ■ ■• - _ _ A *vnviS'M"k 1 1 TIP. . 

terminal swxtcsixj.ua 

3. Detailed Description of the Invention 
(i) industrial Field of Use 

i fro a liouid crystal display device. 
The present iu vention^elates to a liquia y 

M ore in particular, it relates to an indent £ or a ^ crystal 

.isplay device capable o f conducting highly fine matrix type liouid crystal 

MA - v ,-^«.«. B „ r-eouired for projection type dxsplay 
display improved display ^m— 8 - - — 

f1nfl ,r display of cameras and television sets, 
such as highly fine finder display 

(il) Prior Art 

developed as display devices utilising an electro-optic e«ect o f liquid 

hasically. a plurality « pixel electrodes arranged in a ~ ~™ 
m d a liquid crystal layer f or optically .odulating an incident 
ao cordance with a voltage applied hetween each o £ the pixel electrodes 

operation „ode ot such matrix type liquid crystal type display 
^ioe. various .odes have heen developed depending on the Kinds <* liquid 
^tals to he sealed as the liquid crystal layer or di«erence „ 
electro-optic characteristics thereo. and they include, .or exa.pl 
twisted nestle («, -de. a super twisted ne.atic («, -de, a guest-host 
( „ .ode. a dyn^c scattering (OS, .ode and a phase transition -a. 
FU rthe, the .ethed « individually controlling respective display pixels 
each coding the liquid crystal layer and the pixel electrode includes. 
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for example. (1) a simple matrix system. (2) a multiple matrix system. 
(3) . system of adding a non-linear two terminal element (for example. 

. torminal switching element (for 

diode) , and (4) a method 01 aaamy cx uu.- 

example, thin film transistor (TFT)). 

4—t Hianinv device comprising, in 

* Liquid ^y="- uj - — — - 

combination, an operation mode such as the OS mode ,G. H. Helper, et 
a! . Proc IEEE 5£ 1162(1,68)1. a «hlte-Taylor type GH mode CD. L. White 

, ■ , rbv: ! & (19741), or a cholesteric-nematic phase 
et ai. : J- Appl. Fnyt*. ^ ^ 

transition mode tJ . MysocKl et al., Proc. «D 13/2 -(,».,. and a 
aisplay system of a TFT active matrix system has no retirement of using 

-a" improve the display lightness, 
polarization t liter a anu. ~a« -n-y- 

In the liquid crystal display device of such a combination, as shown 
in Pig 4. a so-called signal accumulation capacitor W is disposed in 
parallel with a pixel electrode «C, connected to a drain electrode of a 

fr > 1s ma de larger to improve the 
TFT, and the capacity of the capacitor (CJ is made 

charge holding function. 

However, even by the use of such a signal accumulation capacitor, 
there is a li.it. in principle, for preventing lowering of the charge 
holding function. Further, in a highly integrated matrix display device. 

_ ^.-i ant electric 



, „f tft(s) increases a load on a source 
capacity to each of a plurality of TFT(s) inc 

,,^,,„„ ™ and it is difficult in view 
driver, a source pass line or a switching TFT, ana i 

of restriction of area or manufacturing technique. 

For the solution of the foregoing problems, the present applicant 
has already filed a novel TFT active matrix type liquid crystal display 
d evice capable of preventing undeslred effects on the display operation 
caused by discharges even in a case of using a liquid crystal layer with 
low specific resistivity and thereby capable of attaining a high display 





3-77922 



lightness without using polarization filters (Japanese Patent Application 
1-95581) . 

_ . i_ - *- vxtt 4- "ho Tnvp.ntion 
(iii) SuDjecx: to ue o^j-vov* ~j -- 

The present invention intends to further improve the liquid crystal 

. . _ amplication and provide a TFT active 

display device ox me auuvo-moi.^ 

matrix type liquid crystal display device having a driving system suitable 
to display of images including intermediate tones. 

-^■j—Means-^Eor-th e Solution of the Subject 

in according with the present invention, there is provided a liquid 
crystal display device comprising: (a) electrode lines disposed as an X-Y 

= ^^litv of first three terminal switching elements each 
having source, drain and gate, the source being connected to the electrode 
line X, and gate being connected to the electrode line Y, respectively, 
and (c) a liquid crystal display section having a liquid crystal layer 
disposed between a plurality of pixel electrodes corresponding to each 
of the first three terminal switching elements and opposing electrodes 
connected to a liquid crystal driving power source , and conducting a matrix 
display operation based on the drain output of the three terminal switching 
elements, wherein (d) each of the pixel electrodes is connected by way 

_ . -t -i_ j- a -» ^tmrvmr\T\ 1 "i Tift - and the 

drain of the first three terminal switching element is connected by way 
of a signal accumulation capacitor to a grounding line or an adjacent gate 
line and to the gate of a second three terminal switching element . and 
(e) an AC voltage at a phase inverse to each other can be applied to the 
opposing electrode and the common line. 

That is, the feature of the present invention resides in a liquid 
crystal display device having a novel driving system having a sample hold 
circuit comprising a thin film transistor and a signal accumulation 
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capacitor on every pixel in which a DC component is not applied to the 

liquid crystal layer. 

_ . , 1 fi«lri effect transistors, it is customary 

By Lilts wci_y , -J- a a 

to call an electrode on the carrier supplying side as a source and an 

. . ^ „„.H„r rH cnharaina side as a drain. In the thin film 

eieciroue uu n±o ^ ~ 

transistor of the liquid crystal display device according to the present 
invention, however, since the structure for source and drain is symmetric 
n , ^am-i^ later and current is supplied between the channel in both 
directions, so that they can not be distinguished by the customary terms. 
Then, in the specification of the present application, one of the electrodes 
nearer to the supply source of signals or driving voltage is called as 
a source and the other of them is called as a drain in the following 
explanation. 

The liquid crystal display device according to the present invention 
(hereinafter referred to as a device of the invention) is most effective 
in a case combined with an operation mode such as the DS mode, GH mode 
or cholesteric-nematic phase transition mode, which does not use 
polarization filters but uses a liquid crystal layer of low specific 
resistivity containing ionic impurities for utilizing the liquid crystal 

- „_„ -. ^ _i-.u .uo^-r^-i ot l i.aht scattering 

characteristics to the display, and a combination with a projection type 
liquid crystal display device is a further preferred embodiment. 

in particular, according to the device of the present invention, 
undesired effects on the display device caused by electric discharge can 
be prevented even in a case of using a liquid crystal layer of higher 
conductivity than usual and particularly, a liquid crystal layer of low 
specific resistivity of 10* Qm or lower. Accordingly, in the device of 
the present invention, it is a preferred embodiment of using a liquid 
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IS, for ex 



crystal of low specific gravity of 10 9 Qm or lower. 

As the materials for the electrode lines in the device of the present 

. >, =,= tto . Al. Ti. Ni, W, Mo, Cr, 

invention, usual wiring naiw-Kuo - — * 

p-Sl(n') (polycrystal silicon) can be used, and insulation films such as 

_ ^ _ ^ a r. „ S o* fnr the intersections of the 

electrode line to prevent short-circuit. 

in the device of the present invention, a thin film transistor (TFT) 

, omt-Hi* »»»» the first and the second three terminal 
switching elements and a capacitor element used in usual active matrix 
systems can also be applied to the signal accumulation capacitor. 

m „,_ ~„ «t.«i- and the second three terminal switching 
For example, a=> - — 1-- 

elements, a TFT prising, for example. a-Si (a^rphous silicon, P-Si. 
Si crystal. CdSe. GaAs ana GaP can be used. Further, a so-called MOS type 
transistor array using an Si substrate Is also applicable as a reflection 
type device. As a concrete example of the signal accumulation capacitor, 
those formed by using the same conductor as the wiring material described 
above for the electrodes and the same material as the intersection 
insulation material for the insulator are suitable. However, another 
electrode of the signal accumulation capacitor may be connected with an 



m-minfl "Line . 



Further, it Is not always necessary that the signal accumulation capacitor 
is disposed as a device separate from the three terminal switching element . 
but it may be formed by utilizing the capacitance component Incorporated 
in the three terminal switching element, namely, by utilizing the stray 

capacitance thereof- 

For example, the TFT described above can be formed in accordance 

with the method as described in JP-&-58-147069. 

Further, for the pixel electrodes and the opposing electrodes 
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constituting the liquid crystal display section, a transparent electrode 
(for example. SnO ; -doped ln.0, film simply referred to as ITO. or SnO, fihn 

, * MrcA ^ Ha nsAd to at least one of them, and 

known under the traae name ^ , 

r m «r an i<; used for the other of them 
a metal electrode such as made of Al or Au is used 

_ ^ ^^-§--1 ^r. tvnft disDlav device. 

case of a so-caxxeu icixo^^v.. -^r— - - 

in the liquid crystal display section in the device of the present 
invention, the liquid crystal layer may be constituted with a material 
„I lo w s pe c ific re -1 -tlvtty containing ionic impurities with no troubles 



in a 



at all. and the constitution is selected properly in accordance with the 
operation mode. For example, in a case of applying the DS mode, a nematic 

-• „v-a-e— a' - — positive dielectric anisotropy or weakly 

compouna navxng liecn-j-a^- — --^^ *• 

negative dielectric anisotropy and Ionic impurities are used . The nematic 

compound can include, for example: 

X X 

ro-@>~cqo-©>-0&' and/or 

/ \ 
X x 

(where R, «■ each independently represents a C.-C. al*yl group, X represents 
a hydrogen atom or a f luorine atom) . For the liquid crystal layer, it is 

nh nematic 

a haui „a a negative dielectric anisotropy and a positive 
compounds, and having a negai-xvc 

„ anH rP qvstem On the other hand, the ionic 
conductive anisotropy as an entire system. 

impurities can suitably include compounds, for example: 

NO* 

/ 

NO. 

R, NO. 



f| NO* 



7 





3-77922 



(where m is an integer of 1 to 16, and R x and R 2 each represents a hydrogen 
atom, a methyl group or a benzyl group) (Minesaki et al. : Society of Applied 

. ^ j«« t A/ittiro Moo-hinn ( 1 979 ) . 30P-B-13). 

jr'nysx^ta , op j_ -i-u-y ijowwuiv * ^ x 

In a case of the White -Tailor type GH mode, those comprising a 

, .rectal nomnound having a positive dielectric 

cnoxes j^v^^u.^ ^j"- - 

anisotropy, or a nematic liquid crystal compound having a positive 
dielectric anisotropy and an optical active compound can be mentioned. 
In tMa mode, the dichroic dye used can include generally the following 



azo dye: 



or anthraquinone dye as described in the literature by T. Uchida [T. Uchida 
et al. : Mol. Cryst and Liq. Cryst. & 19(1981) ] . and fluorescent dyes such 
as cumarin type dyes and like other dyes are also applicable in addition 

to the dyes described above. 

in the device of the present invention, the second three terminal 
switching element is connected at the source thereof with a common line. 
That is, since the potentials at the source and the drain are in a 
positive-to-negative symmetry with respect to the potential at the mid 

t- hv such a 



connection, it conducts operation in a positive- to-negative symmetry when 
potentials are replaced between the source and the drain. 

in the present invention, an AC voltage is applied to the common 
line at a phase inverse to that at the opposing electrode. The AC voltage 
at the inverse phase means an AC voltage having an identical amplitude 
and an inverse phase with respect to the voltage applied to the opposing 
electrode. That is, when the AC voltage at the inverse phase is applied 
to the common line, the relation of the potential at the respective 



8 
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electrodes of the second three terminal switching element are substantially 
in symmetry for the positive and the negative polarity of the opposing 
, . ^ wMr.^r i->^ imnftflance of the three terminal switching 

VOX Lcty « cliiu. , aouuj.«j."3-^i # *? 

element has a constant value irrespective of the polarity of the opposing 
* 4.v_ n-=,™> ««r>n«fl to the liouid crystal layer in the liquid 

vox Laye aiiu lho wj-t-^-^v-. — . ^ £ -* - - ■ 

crystal display section can be in the positlve-to-negative symmetry. 

Further, in the present invention, the symmetry can further be 
^pr-nvPd by inserting a dummy load about identical with the liquid crystal 
layer between the drain of the second three terminal switching element 



and the common line. 



(v) Function 

By the drain output from the first three terminal switching element 
selected by the electrode lines X and Y, [I] electric charges are 
accumulated in the signal accumulation capacitor, and [II] a voltage 
applied to the gate of the second three terminal switching element to 
establish a closed circuit and apply a voltage from the liquid crystal 
driving power source to the corresponding pixel electrode portion in the 
liquid crystal display section thereby conducting display operation. 

in this case, since the electrode lines X and Y are selected by 



AnfrMll- nATI CiC\ Of the 



first three terminal switching element is extremely short with respect 

to one pixel electrode. 

However, since the signal accumulation capacitor is provided, a 
voltage is applied to the gate of the second three terminal switching 
element also after the first three terminal switching element have been 
turned OFF till new signal charges are accumulated in the next field to 
keep the ON state. Then, since the charges accumulated in the signal 
accumulation capacitance are disconnected by way of the second three 
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terminal switching element from the liquid crystal display section, 
consumption due to discharge is not caused substantially and the charge 
. , ^ 4 „ nomnared with the prior art. That is, this 

XlOJLd-Liiy LX1UO JLO ■ - — a.- - - 

operates as a sample hold circuit. 

~_ ,.1 y^nri in i-hft state where the ON state of the second 

three terminal switching element is kept, since charges are supplied 
continuously from the liquid crystal driving power source even if discharge 
1 « caused in the liquid crystal layer, no undesired effects by the discharge 



are caused. 

Further, in the device of the present invention, the following 
driving conditions are selected when binary display, namely, black and 
white display is conducted. That is. assuming the state of applying the 
voltage to the liquid crystal layer as ON and the state of not applying 
the voltage as OFF, the level for the signal voltage V S1 supplied to the 
first switching element is selected such that the impedance Z aw of the second 
switching element is sufficiently lower than the impedance Z K of the liquid 
crystal layer in the ON state and, vice versa, in the OFF state. An AC 
voltage V c is applied to the opposing electrode, because the application 
of a DC voltage would cause electrolysis of liquid crystals or corrosion 



1 pntrode is 



divided by the impedance Z tc of the liquid crystal layer and the impedance 
ZsM of the switching element. If both of them satisfy the conditions 
described above, the voltage V, applied to the liquid crystal layer is 
substantially equal with the voltage V c applied to the opposing electrode 
in the ON state, whereas the voltage is not substantially applied to the 
liquid crystal layer in the OFF state . In this case , the voltage V lc applied 
to the liquid crystal layer is substantially in a positive- to -negative 
symmetry and the DC component is negligibly small. 



10 
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Further, in the device of the present invention, the second switching 
element is connected at the source side to the common line and the potentials 

., ^ ^ ~ /a-f -f-vio qwi f.nhina element are in the 

at the source anu mc kxa.**^* — ■ 

positive-to-negative symmetry with respect to the potential for the mid 

* ^nnnixr if the voltaae applied to the common 

portion or tne cnaiuiej. • n^u^ux.^^ , — — - - 

electrode and the opposing electrode is inverted, the operation point does 
not change. Accordingly, the impedance (Z„> of the switching element is 
consta nt, a nd the im pedance ( Z T .) for the liquid crystal layer is also made 
constant as Zgw * Z. irrespective of the polarity of the AC voltage applied 
to the opposing electrode in this case. Accordingly, when an AC voltage 
of an amplitude V c is applied to the opposing electrode and a voltage having 
the same amplitude and inverse at the phase is applied to the common 
electrode, the potential relation between each of the electrodes of the 
second switching element is substantially in symmetry between the case 
where the polarity of V c is positive and the negative, and Zsw is 
substantially equal. Accordingly, the voltage applied to the liquid 
crystal layer is substantially in a positive-to-negative symmetry. 

The present invention will be explained more specifically by way 
of examples but the invention is not restricted by them. 

Fig. 1 is an equivalent circuit diagram showing a constitution for 
one display unit of a matrix in a matrix type liquid crystal display device 

as an example of the present invention. 

^ . . 0 Y y represent data signal pass lines 

In the drawings, X x , a 2 , iC ^°° 

(electrode lines X) in the X-Y matrix electrodes and Y,. Y 2 
scanning signal pass lines (electrode lines Y) thereof, respectively, in 
which intersections of them(address) are isolated by an insulation film. 
A first thin film transistor (TFT,) is disposed to the vicinity of each 



represent 
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intersection 



(YJ and the source 



and the gate thereof is connected to the electrode line Y 
thereof is connected to the electrode line X (XJ , 



r, i-vio ^irrnrft. the drain line of the TFT : 



respectively . -men, 0.0 =>i^"» -** - - 

is connected to the gate of the second thin film transistor ( TFT 2 ) and a 

,~ . , .^nmni on nar>acitor is connected to the midway 

capacitor 1 u x ; as a. axynax — - 



thereof . 



On the other hand, the source of the TFT 2 is connected to one of pixel 
electrodes^) in the liquid crystal display section (Q in which a liquid 
crystal layer is disposed between a plurality of pixel electrodes (a) and 
opposing electrodes (b) . and the opposing electrode (b) is connected to 

a * C r^retai &T i vina AC power source (V c ) . 

in the drawing. E represents a grounding line, to which one end of 
the capacitor (C,) is connected. In the drawing, F represents a common 
line to which the drain of the TFT 2 is connected. 

A DS mode-projection type active matrix liquid crystal display device 
without using polarization filters was constituted under the following 
conditions by adopting the circuit constitution described above. 
1) Liquid crystal display method s projection type 



2) Light source 



: metal halide lamp 



■ „ „ 1 1 



4) Number of panel pixels 

5) Panel substrate 

6) TFT,, TFT 2 : amorphous silicon TFT; 



240 x 384 dots 

Corning 7059 glass Lit 



7) C x 

8) C 2 



gate material: Ta, gate oxide film: Ta 2 0 5 /SiN x , 

semiconductor material: a-Si by P-CVD, 

source drain material: n + a-Si/Ti laminate layer film 

: Ta/Ta 2 0 s • SiN x /Ti 

: ITO/ liquid crystal/ ITO 



12 
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plastic beads spacer, used for 
liquid crystal layer thickness) 

, - : nmdr? prv.Qi-al nomr>risina 

9} Liquid crysrax iayei : »u-acu j..^— ~ — u - 

CIW-O-CM-Q-M* 59. 5»l/« 

10) Ionic impurity: c,.H„ra<ca,)roocO^ o.s.t/* 

11) Driving AC voltage: 60 Hz rectangular wave; ±7.5 V 



jfic^esistlvity ( p) of the liquid crystal layer is 10 7 Qm, 
the pixel area (S) : 100 ^-square = 10"V and the thickness of the liquid 
crystal layer; (d) - 7 nm and, accordingly, the resistance value of the 

j.xquio. uiys l.glj_ poj. t?—-^ — * 

r lc = (p • d)/S = 7 X 10 9 Q. 

in such a device, the TFT, and the signal accumulation capacitor (C x ) 
serve as a sample hold circuit and the TFT 2 serves as a current control 
device (a sort of buffer transistor) for applying a liquid crystal driving 
AC voltage to the liquid crystal layer at a predetermined position of the 

liquid crystal display section (C 2 ) . 

in this constitution, since the capacitor C, is connected to the gate 
of the high impedance TFT 2 but not connected directly to the liquid crystal 



act to keep the TFT 2 at the ON state for a longer time compared with the 
prior art even after the TFT, has been turned to the OFF state. 

Accordingly, also in a case of using a liquid crystal layer with 
low specific resistivity and easily discharging, it is possible to prevent 
the phenomenon that the TFT 2 is turned OFF by discharge within a shorter 
period of time than the required time (frame frequency period), so that 
desired matrix display operation of the liquid crystal can be conducted. 
Further, in the drawing device described above, a voltage V c ' having 
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the same amplitude and the inverse phase with respect to the AC voltage 
V c applied to the opposing electrode is applied to the common line F. By 
_ n^*-*,^ i-ha nno-rai-i nn of the TFT, is substantially in symmetry 

t> LILJli CI VJL4- -i- v -Lily ^ x: — - 

when V c is positive and negative. 

m„ o ~^r.r~ =>nAfbor PYamnl ft of the invention. The difference with 

17 j_y . onvn w**— — — — c 

respect to the example described above is that one of the electrodes of 
the capacitor C, is defined as an adjacent gate line. With such a 

con stitution, the grounding line can be saved. 

When display was conducted on a screen by the liquid crystal display 
device described above, it was possible to obtain display at a brightness 
about twice as high as the conventional TN mode (100 fL) (compared in a 
white display state) by using an identical light source. 
Example 2 

In the equivalent circuit shown in Fig. 1 for the liquid crystal 
display device of Example 1 , a liquid crystal display devices is constituted 
by further inserting a dummy load (Z D ) between the common line and the drain 
of the TFT X . 

For the dummy load (Z D ). a non-doped a-Si film (film thickness d = 
28 nm. specific resistivity p = 10 9 Qm is sandwiched between the drain of 

of them is defined as 20 nm square, the resistance value is : R' = 7 x 10 9 Q. 

Positive-to-negative symmetry upon driving is further improved by 
disposing the dummy load having a resistance value equal with that of the 
liquid crystal layer between the drain electrode and the common line . by 
which flicker was reduced to such a level as not visually recognized, 
(vii) Effect of the Invention 

According to the liquid crystal display device of the present 
invention, application of the voltage to the liquid crystal layer can be 

14 
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ensured in view of time and an intended liquid crystal matrix display can 
be conducted even in a case of using a liquid crystal layer of low specific 

l9 _- ~,,v.~4-^4-n a i Ph^roA holdina function, 
resistivity ana navmy ^ ouuouui^* — o- 

Accordingly, it is possible to conduct an active matrix display at 

_ _ , , -, ^ „^4- — „ v«r «rir.T>i-i na the DS mode , the white tailor 

an ideally mgn axspxay nyuuiooo ^ r- ^ 

type GH mode or the like capable of gradation display, high contrast display 
and high speed response display without using polarization filters . as 
the eloctro- optic mode^of the liquid crystal. 



Further, also in a case of intermediate tone display, the voltage 
applied to the liquid crystal display section is in the positive-to- 
negative symmetry, the DC component is reduced to a negligibly small level, 
occurrence of flicker, electrolysis of liquid crystals and corrosion of 
pixel electrodes can be suppressed to obtain satisfactory display quality 

and high reliability. 

Then, the liquid crystal display device of the present invention 
is particularly effective as a light bulb for a projection type display 
device requiring to satisfy a high temperature operation and a high light 
utilizing efficiency together, but it can be utilized effectively also 
to highly fine display for outdoor use. for example. VTR monitors. LCTV 



vehicle mounted or aircraft display. Furthermore, it is applicable not 
only to the transmission type but also to the reflection type display 



device . 



4. Brief Description of the Drawings 

Fig. 1 is an equivalent circuit diagram of one display unit in a 
liquid crystal display device of an example according to the present 
invention. Fig. 2 is an equivalent circuit diagram of another example. 
Fig. 3 is an equivalent circuit diagram of a further example of the present 
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invention, and Fig. 4 is a view corresponding to Fig. 1 showing one display 



unit of an exis 



tent liquid crystal display device 



X L , X 2 ... electrode line X 



X l ' X 2 



TFTi . 
TFT 2 . 
~Cl • - • 



e i e ctrode line Y 
. first thin film transistor 
. second thin film transistor 
^paci^o^signal^accunLul ation capacitor) 



capacitance of a liquid crystal display section 



a . . . pixel electrode 



b ... opposing electrode 
V c , V c ' ... AC power source 
E ... grounding line 
F ... common line 



Z D . . . dummy load 
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f& : Proc IEEE 56 1 152( 1964)] P*7^ y - ^ 
- * B G H * - h* C O.L.Ihita ft : J.Appl,Phr«- 
4J. 471309TO ] . 3 Is XT' l ) ? 7 - Z t 7- < r 
7 fflC**- F C J. J. f nock i tfc : Proc. SID 13/ 
2 HSC 1935) J ^(Oittf^-Kc, T ? I 7 7 r h" 

^\r£t U A< IS? >T A £. 35^*«- 
3C "71 t W. l B i ' '* ^ • - — » 

cttft^^ixas(c.) 4 awe 



*at^"-c baa»Kaa»»»a«fiT»±cii 
s^aaci»v^r, 3c^«a5C3*<oiS^5»^^ 

'<*>^*^»«>T F TSiiatt^iOti, V-XK 



*ifc*a®a i Cc) 
jsirfl^ataaBeaaa^aau-cco, ax 



B2u. (•) ffr£*traas**iH*ar * >csi' 







7. :%v\* 



* - ? a T © & « ^ t i n * z a * £ © » » * 
c c -r * . 

— eg ggpigflan r g* car. c< *Hg gpg 
li^-j) c t vzm&i* feD s*- ch 

cam £<o»A**Mt-&£-*>**® * 

;*teb2 u t> « c r o * . at* is-?- 
ait *n-c<c < *c * < . z<a*i<*>x4?*> 

atctij>«< £ t — a* a a o « k c w *. t t 



??ra i F3-77922 (3) 



.. _ _ m a* ^ ^ M» . t_ — « T » — * . « _ 

j| >p jjjj *>» W J ;3 2? » *C VJ LL. W eT *» O -> '«* • 1*C 

trti. ITO. Al. Ti. Ni. W. Mo. C r. 
tiSi Q.. SiN». TitOt, AliOi?gift»< 



* (TFT) ^ILtiJO, * 

t L-Ciia-S i(T*^7 r X •> f J 3 > ) . P"S i. 
Si^a. CdS«. G«A». C«P**£«STF 

*7r^ r 9 (t&Olt U-Cti, WxU, 

X X 



ro-®-coo-0-or 

/ \ 

X X 



-143- 





3-77922 (4) 



^ « i L r ti , 
NO, 



— «t «_ i. /A J»» /n flt ?1 -n *. 3 ?H 77T r» 

v./ jtfc ^« rr i~ ~" « i-T ->» -~ -V* j -» - - 



NOt 



NO 



a-C.H»*i-N _ 00 C 
i\Rt 
H NOt 



* it 4 * -t rz t> ^ . z <n li ? x 0 + 

- x t K u Y > ©aiat^S AJtftc « * v 



$ # 5 izz ©*- K»**eat* fflv^—afesfc 

ftHt, T,ttefcUa*0£it CT.ttcaida tt:Xot. 
Cryat aad liq.Cryat.S3 13(1981)] Kie«A<A 
* J: •} C % T£T'/»» : 



©am© 7 -r > *c qi z 



rgf «fO KUY > © H I- S * 

*55-Y:/X&CfYKJ:-»"Cil&***i-fc5*I© 

dj3*»«*t >~ ->Tic a r * t * 

c©bu * -f > X Stf Y ©afctt— £©fi 



a» a* fcTr-sa^ a b » a f* a< a 
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_ j . m aa» ^ ^0 j>«* MP 3t4 f m £ A* ^* 



c 31 in t ft * aflE v t.ctt *TfS?a S SI* * ft fca 

EVc < k a * of f ^atiiaaa 

SffcSIttS ft sa£ V ..c» iiiXIEA^tfrttttO. 

* c * & «e *. 

?%^t> y - *«A<*a * * > t^*fc* a 

st^r^aaa* jtisiaa^sJinT 
a*, x.. x, i*x - y-t m; * * **a 



Y.. Y i lilSH; < ? > C 

7 ^ V Y ) ^§*Ttt4>0"CA9, C ft £ 4> 

f (T F T . ) $ ft c H*aa * -f 

> Y C Y . ) C . y-*Ciaa*-T>X (X.) K 
**»«*ft-Ci**. Htat;iFtri<TF 

T , ) ©y-M:»8*^t*<oa^i:ii8^J 

ft-Cv^ 5. 

— 3", TFT* »v-xtt* * SSt<& 

Tjeficc.) k s «* * — <o s * a a d) a 
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1 7 ~T S / Jf* ~T I * ✓ ' 



!-Sgy fi d523i3£*.3lSL, £ ft <b [Si — 54 

A«IE<0* A<?3 ^ U tit^Jtft 1 ^ C 0 . £ 



as (vc) ft*c^ *• 

if (C.) «-S4<»a«ft'Cv»4. as^Fti^ 
a^Y>*^L. TFT. <© 

5)TFT, .TFT, T**? r V * * TFT 

K ^ Ta# y- hKftSTa.O./S LN» 

y-^KU-f >*t» a' a-Si/Tt S3S 
Ti/TiiOi • SiM*/Ti 
r TO/itffl/ t TO 

C.H.O-3-Cfl"*-0-C*2. 40 



T) C, 
3) C, 

9)% a m 



• 




■Ol 



— t<rr m*£**ei&: c.anrHCCHOrooco^ 0.5 »t/x 

j^^iSlC^^w, TFT, b(X^**3> 
(C) t4*v7**-* KSS5 ittfi 
5. TFT, fi«Afijtt/B23EaSE*?*a»^a 



f-Zv^OTFTi 

FT, ^ON^acR'S^^S^^' 



nun 1 ? 3-77922 (6) 
Sir** fa (a*, ^-^aas^smj: 

o^EVc'A^ai* ft*, c « J: 7 caaa'su 

i0> TFT, <oa^l2Vc A<£<0*i:ft3>**i: 



- KO ft 2 S4> 33 -5 * C HOfUflD 35 ^ ( 3 2n*# 



S C«*d -23n«. ifcigfcp -10'Qm) *TF 



se-»t* flit 7 -r jt, ^ ^ rc*aa^ ^ 

- jr «p * <7 y hf-73GH* - F ft £ * & A 



Ci9, BH*«iEA«*M*ttA<* ft* 

7 y ?**<aa'Cf*&a'?i&i'5K & 

C h ) £<8<o»a 

ttfi£d«K< 3?5tW(c*i2J ecu t><o*3I 

Jb-^r t>* ?*aa^<oaE3J/n* fS »M 

ft. ^fa©*a^ h l ) h v 9 *2*7F* 



*ao«»^w, B*aff«»*^wa* ft* a 

aaffiHft«a«»**isii»Kiaa*tt'*.isao 

7* U * , «*.(*VTR*-*-. tCTV, e a 

-7r4'>*'-*^k?? , #iK?»!3i'C3* * a a 
aaao^i^f swaat^si^ a % 1- * c 
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